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Since the original demonstration of the hemagglutination
induced by influenza virus,, 118 a number of other important viruses
have been reported as causing the agglutination of chicken erythro-
cytes. Specific agglutination of these red blood cells has been
observed with vaccinia virus,21 the virus of Newcastle disease,1 that
of fowl plague,17 variola virus,22 and mumps virus.'6 It has also
been shown that mouse pneumonitis virus will produce the agglu-
tination of mouse and hamster erythrocytes, but not those of the
chicken.20 With all of the above-mentioned viruses the agglutina-
tion olf the red cells may be inhibited by the addition of the specific
immune serum.
Hirst"3 observed that chicken erythrocytes to which influenza
virus was adsorbed and from which it was subsequently eluted were
refractory to agglutination by the homologous strain and also by
heterologous strains of influenza virus. Both Hirst"4 and Ziegler
and Horsfall27 have recognized the fact that the refractory state
of the red cells after adsorption and elution of influenza virus may
present more than a superficial analogy to the interference phenome-
non which has been demonstrated in animals with numerous viruses.
The mechanism responsible for hemagglutination is obscure and
it is difficult to imagine that it is a true antigen-antibody reaction.
Hirst13 suggests that the reaction is mediated by an enzyme con-
tained in the red blood cell. According to this theory, it might
well be possible to isolate the enzyme or recept-or substance respon-
sible for the agglutination. Burnet2 postulates the existence on
the red cell surface of multiple receptors whose degree of attach-
ment to the cell is graded from loose to firm. The loosely attached.
receptors are available to any of the viruses capable of causing
hemagglutination, but the more firmly bound are accessible only to
ttie more active viruses.
* From the Department of Bacteriology, Yale University. The material here
presented constitutes a portion of a dissertation submitted in 1946 for the degree of
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In view of the wide application of the Hirst phenomenon to
virus research, because of the lack of a clear understanding of the
underlying mechanism, and also because of the fundamental biologi-
cal nature of the reaction with respect to the invasion of tissue cells
by viruses, the present investigation was undertaken. It was hoped
that some of these points might be resolved by studying the differ-
ences which might exist between virus-coated and uncoated cells.
Another aspect of the investigation was concerned with determining
whether or not erythrocytes rende;red refractory to agglutination by
influenza virus were still susceptible -to agglutination by a virus dis-
tinct from influenza. The virus selected 'for this purpose was
vaccinia because of i'ts availability and the ease with which it is
handled in the laboratory. The results of such a study might con-
tribute to our understanding no't only of the phenomenon of hemag-
glutination induced by viruses, but also to the more eminently
important problem of the virus and its invasion of the tissue cell.
Material and methods
The influenza virus (type A, strain PR8) was obtained from Dr. E. W.
Shrigley23 and had been carried by serial passage in mice. This particular
strain was employed when in its 170th to 250th passages in mice. The
vaccinia virus, secured from Dr. F. Duran-Reynals, was a strain isolated
many years ago and is referred to as "neurovaccinia." It has been main-
tained by serial intratesticular passage in rabbits, being stored in a 50 per
cent glycerol solution in saline at 4°C. when not in use.
Emibryonated hens' eggs were incu'bated for 10 days at from 37 to
38.5°C. At the end of this time they were candled, and those showing
vigorous movements were inoculated with 0.1 ml. of a Berkefeld "N" fil-
trate of mouse lung which had 'been 'previously infected with influenza virus
or with 0.1 ml. of unfiltered, glycerolated ralbbit testicle infected with vaccinia
virus. All succeeding inoculations with influenza virus and vaccinia virus
were accomplished by using 0.05 ml. of the infected egg-material as the
inoculum. In the case of influenza virus, inoculation was carried out by
making a small burr hole over the chorio-allantoic membrane and by inject-
ing directly into the sac. The hole was then sealed with paraffin and the
egg was incubated for approximately 42 hours at 37 to 38.5°C. After
the second period of incubation the eggs were removed, placed in the refrig-
eiator at 4°C. for one hour, following which the chorio-allantoic fluid was
harvested. The fluid was aspirated from the chorio-allantoic sac by means
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of a sterile needle and syringe, after a considerable amount of the shell over
the natural air sac had been removed.
In order to arrive at a more simple and efficient method for cultivating
vaccinia virus on the chorio-allantoic membrane of the developing chick
embryo, several variations of the methods in use in virus research were investi-
gated. The technique which was evolved and which overcame all objections
of the cumbersome window technique was a modification of a method used
by Van Rooyen and Rhodes.26 The shell was lightly washed with 70 per
cent ethyl alcohol in the area of minimum vascularization located by pre-
liminary candling. A small slit approximately 1 mm. in width and 5 mm.
in length was cut through the shell by means of an electric drill equipped
with a stone disk. The inoculation was accomplished by carefully inserting
a 24-gauge needle, attached to a 1.0 ml. syringe held parallel to the shell
surface, 3 mm. from the point of entrance and slowly forcing 0.05 ml. of
the glycerolated vaccinia upon the outer surface of the chorio-allantois. The
slit was sealed with paraffin and the egg was rolled four times in each of the
six directions of an asterisk. After a second period of incubation of 72
hours at 37 to 38.5°C., the membranes were harvested and prepared for the
hemagglutination tests according to the method of Nagler.2"
The procedure for carrying out the hemagglutination test was essentially
that descrilbed by Hirst."2 However, instead of using 1 ml. amounts of
virus and blood cells, 0.5 ml. amounts were used. The reliability of this
method, as determined by quadruplicate titrations, approached that reported
by Hirst, with the exception that the end-point is regularly one or two dilu-
ti&ns higher. The virus concentrations were obtained by making two-fold
serial dilutions in saline. The chicken erythrocytes were obtained by bleeding
adult birds either from the external jugular vein or from the wing vein.
A sterile needle and syringe, which contained 2.5 ml. of a 4 per cent solu-
tion of sodium citrate, was used to obtain 7.5 ml of blood. The RBC*
were then washed 3 times in 10 times their volume of physiological saline
in a graduated centrifuge tube. They were made up to a 20 per cent sus-
pension and refrigerated at 4°C. until used. On no occasion, except where
specifically noted, were RBC employed more than 5 days subsequent to
the bleeding.
Serum inhibition tests were carried out by using 0.5 ml. amounts of
two-fold serial dilutions of serum in saline, a 2 per cent suspension of RBC,
and a constant amount of a specific virus dilution. The anti-influenza sera
were prepared by inoculating 10 ml. of influenza virus-infected chorio-
allantoic fluid intramuscularly in adult chickens. The sera were obtained
10 days after injection. The anti-vaccinia sera were prepared by injecting
* Henceforth, to conserve space, RBC will be used for "red blood cells" or
"erythrocytes."
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a series of dilutions of infected chorio-allantoic membranes intradermally in
rabbits. The sera were obtained 10 days to 2 weeks following the inocu-
lations. All sera were heated at 56°C. for 30 minutes to destroy com-
plement. The sera were then diluted 1:100 (1 part serum, 94 parts
saline, and 5 parts of 5 per cent phenol in saline) and stored at 4°C.
Adsorption and elution of influenza virus were accomplished by letting
the virus preparation and the RBC react at 37.5°C. for 15 minutes. The
cells with the adsorbed virus were then washed three times in saline, the
supernatant was removed, and the cells were resuspended in phosphate buffer
at pH 7.2. The cells were then placed in the incubator at 37.5°C. and
redispersed at hourly intervals until the cells sedimented at the same rate as
the cells treated with normal chorio-allantoic fluid which served as controls.
When the virus was thus completely eluted from the cells, they were washed
three times in saline and made up to a 20 per cent suspension. Numerous
attempts to elute vaccinia virus from chicken RBC to which it was adsorbed
were unsuccessful.
In an attempt to disclose any differences which might exist between a
virus-coated cell and an uncoated cell various physical and chemical lytic
agents, and immune lysins were employed. The immune lysins were pre-
pared in rabbits by injecting 5 ml. of a 2 per cent suspension of adult
chicken RBC intravenously. Three injections were given at weekly intervals
and the antisera were obtained 10 days after the last injection. The
immune sera were heated at 56°C. for 30 minutes to destroy complement,
distributed in 1 ml. amounts in small test-tubes, and stored at -20°C. until
used. The complement was obtained by aspirating blood from the heart
of guinea-pigs lightly anesthesized and previously fasted for 24 hours. The
blood was allowed to clot overnight in the refrigerator at 4°C., and the
clear serum was aseptically removed. The sera thus obtained from at least
10 guinea-pigs were pooled, and the material was then distributed in 1 ml.
amounts held at -20°C. until needed for use.
Many types of lytic experiments were carried out with adequate con-
trols. The amount of hemoglobin in solution was used as a measure of
the degree of hemolysis, and this was determined by means of a Klett-Sum-
merson photoelectric colorimeter. For this purpose Kimble tubes and a num-
ber 54 filter were used to record the hemoglobin in solution. In each test
the following controls were employed: cells previously treated with normal
chorio-allantoic fluid, normal rabibit serum, saline, and normal chicken
serum, and antiserum, complement, normal raibbit and normal chicken serum
blanks. The complement present in every case was more than sufficient to
cause the lysis of the sensitized RBC.
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Experimental results
Optimum conditions for virus production: A study of the opti-
mum conditions for production of influenza virus (type A, PR8*)
in the developing chick embryo showed that the best results are to
be obtained when eggs incubated for 10 days at 37 to 38.5°C. are
inoculated with 0.05 ml. of a Chamberland L5 filtrate of influenza
virus-infected allantoic fluid, and the allantoic fluid is harvested
after 36 to 42 hours at 37 to 38.5°C. In the case of vaccinia virus
the best results were secured when 10-day embryos incubated at
37 to 38.5°C. were inoculated with 0.05 ml. of a 10-3 or 104. con-
centration, and the chorio-allantoic membranes were harvested after
72 hours at 37 to 38.50C. The method of inoculating vaccinia virus
onto the chorio-allantoic membrane by means of a syringe needle
inserted through a small slit in the shell has many advantages over
the commonly used method of cutting relatively large windows in
the shell 24 hours prior to the actual inoculation.
The results summarized above present only one significant differ-
ence when contrasted with past publications dealing with virus-
induced hemagglutination. This difference concerns the r8le of
the concentration of inoculum in promoting a maximum production
of influenza virus. Henle and Chambers,7 working with the WS
strain of influenza A virus, observed that higher titers of virus
were obtained with a low, rather than with a high, concentration
of inoculum. Miller,19 using PR8, reported that the highest activi-
ties as judged by hemagglutination were recovered from embryos
inoculated with 10-3 and 10- concentrations.
The effect of Chamberland L5 filtration on the infectivity and
hemagglutinin content of PR8 is indicated in table 1. Two facts
are evident from this table: (1) passage through the filter removes
considerable hemagglutinin; (2) when embryos are inoculated with
L5 filtered influenza virus, the amount of virus produced, as judged
by hemagglutinin content of the infected fluids when harvested,
is greater by approximately 20-fold than the amount of virus pro-
duced when a 10-3 concentration of unfiltered virus is used as the
inoculum.
In regard to the results recorded in table 1 several questions
* The symbol PR8 is used henceforth to mean influenza virus, type A, strain
PR8.
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immediately arise. Are the results merely due to chance varia-
tion. Can the findings be duplicated? Does filtration result
merely in a dilution of the virus or is some inhibitor removed? If
filtration acts simply to dilute the virus, can the same increased
production of virus be obtained by diluting the unfiltered prepara-
tion? What effect will passage through other filter surfaces have
TABLE 1
THE EFFECT OF CHAMBERLAND L5 FILTRATION ON THE INFECTIVITY AND
HEMAGGLUTININ CONTENT OF PR8 VIRUS
Hemagglutinin titer
Before filtration After filtration
Dilution giving one-plus reaction
256 0
Inoculum No. of Eggs Incubation CCA titer*
0.1 ml. 40 hours One-plus reaction
L5 filtrate 4 380C. 1920
2560
2560
2560
10-3UNF. 10 380C. 128
192
96
256
320
192
128
128
256
192
* The CCA titer is that dilution of influenza virus which will produce partial
agglutination of chicken RBC.
on the hemagglutinin content of the preparation and on the sub-
sequent infection of chick embryos? In an attempt to answer some
of these questions the succeeding experiments were carried out.
Table 2 reveals that comparatively low titers of virus are
obtained when L5 filtrates are inoculated into chick embryos and
harvested after 24 hours of incubation. When, however, as indi-
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TABLE 2
COMPARISON OF FILTERED AND DILUTED INFLUENZA VIRUS PREPARATIONS.
No. of Incuba- Individual Average
Virus LIoculum eggs tion CCA titers CCA titers
24 hours
4 37.50C.
4 37.50C.
4 37.50C.
4 37.50C.
4 37.50C.
4 37.50C.
4 37.50C.
4 37.50C.
4 37.50C.
4 37.50C.
256
256
256
1024
20
80
160
80
0
320
80
0
0
0
0
0
0
0
0
0
240
640
640
320
320
320
640
560
160
320
640
640
0
640
2560
0
0
0
0
0
One-plus reaction
448
85
100
0
0
460
460
440
800
0
11-16-3
Lt
Filtrate
0.05 ml.
101
lo-'
0-2
1o-3
104
11-16-3
Unfiltered
1I -
104
10-6
10-736 YALE JOURNAL OF BIOLOGY AND MEDICINE
TABLE 3
COMPARISON OF FILTERED AND DILUTED INFLUENZA VIRUS PREPARAT10NSI
No. of Incuba- Individual Average
Inoculum Virus eggs tion CCA titers CCA titers
0.05 ml. 11-21-5 40 hours One-plus reaction
101 Filtered 4 37.50C. 2560
L5 3840
3840
5120 3840
10-1 5120
1280
2560
2560 2880
10.2 0
2560
5120
0 1920
10-3 0
0
0
0 0
104 Unfiltered 4 37.50C. 640
640
640
640 640
10_5 1280
1280
960
1280 1200
5XI0-5 960
1280
2560
1280 1520
2.5XI0-8 1280
0
1920
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Figure 1
1800 Variation of CCA Titers of
Influenza Virus-infected
'luids at Intervals after
inoculation
1400
L5 filtered
1000 .Ua*_ Unfiltered
6(;0
400
200 /
0
Houxs
TABLE 4
cated by table 3, the
experiment is
repeated, except that
the inoculated fluids
are harvested after
40 hours of incuba-
tion, the increased
production of virus
resulting from Ls
filtrate - inoculated
embryos is apparent.
The two tables sug-
gest that the
"growth curves"
(the rate of virus
increase) are differ-
ent when the unfil-
COMPARISON OF HEMAGGLUTININ TITERS OF L5 FILTERED AND UNFILTERED EGG-
ADAPTED INFLUENZA VIRUS AT DIFFERENT TIME INTERVALS AFTER INOCULATION
L5 Filtrate Unfiltered 10-3
Time after Imocu- No. of Average CCA No. Average CCA
inoculation lum eggs CCA titer range eggs CCA titer range
hours ml.
6 0.05 10 0 0 12 0 0
0 12
17 0.05 10 10 to 11 123 to
96 384
96 128
23 0.05 10 253 to 12 453 to
512 1024
320 256
30 0.05 8 620 to 11 605 to
960 1024
640 256
42 0.05 7 1783 to 10 640 to
2560 1024
1-4
0
E4)
*-4
¢
v
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tered and L5 filtered virus preparations are inoculated into embryo-
nated eggs. Table 4 and Fig. 1 show this suggestion to be correct.
Table S indicates the effect of various filters on the hemagglu-
tinin content. The filters may be graded according to their ability
to remove hemagglutinin in the following order: Seitz No. 2,
Chamberland L5, Chamberland L3, and Berkefeld "N." It will
be seen from table 6 that Seitz filtration removes all of the virus
or at least so much of it that the undiluted filtrate is not capable
of infecting the developing chick embryo. The increased produc-
tion of virus with L3 and Berkefeld "N" filtrates, while evident,
does not approach that attained with the L5 filtrate.
TABLE 5
REMOVAL OF HEMAGGLUTININ FROM VIRUS PREPARATIONS BY FILTRATION
Hemagglutinin titer*
Virus Before fitration Afterfiltration Filter
111-2-pooled 2048 0 Seitz #2
2048 0 L5
2048 8 Ls
2048 768 Berkefeld "N"
II-2-pooled 1280 0 Seitz #2
1280 0 L5
1280 4 LS
1280 400 Berkefeld "N"
* The average of quadruplicate titrations.
TABLE 6
AMOUNT OF VIRUS PRODUCED AS JUDGED BY HEMAGGLUTINATION WHEN FILTERED
VIRUS PREPARATIONS ARE INOCULATED IN EGGS
Incuba- No. of Average
Virus Inoculum tion eggs CCA titer
0.05 ml. 40 hrs. One-plus reaction
III-2 Seitz #2 380C. 4 0
L5 380C. 4 1920
L3 380C. 4 960
Berkefeld "N" 380C. 4 640
10-3 UNF* 380C. 10 340
* The unfiltered preparation diluted to I0-3.
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Table 7 shows the results obtained with a larger series of eggs
inoculated with L5 filtrates, and offers a comparison between the
Hirst titers and the author's titers of hemagglutinin content of the
inoculated fluids.
TABLE 7
EFFECT OF FILTRATION ON THE PRODUCTION OF VIRUS AS DETERMINED BY HIRST'S
AND THE AUTHOR S TECHNIQUE OF HEMAGGLUTINATION
No. of Incuba- Hirst titer* Author's titer
Virus Inoculum eggs tion Indiv. Indiv.
111-21
pooled
UNF.
0.05 ml.
10-3 14
undil. 17
40 his. Dilution giving one-plus reaction
380C.
380C.
128
x
64
128
32
32
x
64
x
128
x
48
32
32
Ave. 69
512
512
512
512
x
x
512
1024
x
512
1024
x
512
2
x
512
x
Ave. 614
320
160
320
640
160
160
640
320
320
640
320
640
160
160
Ave. 354
1280
1280
1280
2560
0
2560
1280
3840
960
1920
1280
640
1280
640
1920
1280
5120
Ave. 1710YALE JOURNAL OF BIOLOGY AND MEDICINE
TABLE 7 (Continued)
No. of Incuba- Hirst titer* Author's titer
Virus Inoculum eggs tion Indiv. Indiv.
111-21 0.05 ml. 40 hrs. Dilution giving one-plus reaction
pooled
L3 undil. 15 380C. 1024 1920
1024 2560
2048 3840
1024 2560
512 960
1024 1920
x 2560
x 960
1024 3840
x 2560
1024 3840
1024 1280
512 1920
x 3840
x 2560
Ave. 1024 Ave. 2480
* 10 individual allantoic-fluids with an average approximately the average titer
of the author's method were selected.
x =Hirst titer not determined.
Henle and Henle,8 9 10 Ziegler and Horsfall,27 and Ziegler,
Lavin, and Horsfall28 have demonstrated that the low titers
of virus which result from the use of high concentrations of inocula
may be attributed to the presence of inactive virus which exerts an
inhibiting influence upon propagation of the virus. In order to
determine if filtration removed part or all of the inactive virus
present in unfiltered preparations, an unfiltered preparation was
mixed with an L5 filtered preparation in varying amounts and the
quantity -of virus produced in the infection of chick embryos with
these mixture preparations was observed. Table 8 indicates that
the amount of virus is increased when the amount of unfiltered
material added to the inoculum is decreased. Conversely, as the
amount of Li filtrate is increased the hemagglutinin titers are
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TABLE 8
EFFECT OF ADDING UNFILTERED VIRUS TO AN L5 FILTRATE
No. of
Virus Inoculum eggs Incubation CCA titer
0.05 ml.
undil.
undil.
undil.
undil.
undil.
undil.
40 hours
4 380C.
4 380C.
4 380C.
4 380C.
4 380C.
4 380C.
One-plus reaction
Indiv. Average
160
320
320
480
240
160
320
240
320
640
320
480
480
640
640
480
1280
240
320
640
1280
1280
1280
1280
320
240
440
560
620
1280
* 4 parts unfiltered virus to I part L5 filtrate.
increased. Table 9 shows that partially inactivated virus prepara-
tions of influenza-infected allantoic fluids can interfere with the
quantity of virus produced in infected embryos..
In connection with the passage of influenza virus-infected allan-
toic fluid through a Chamberland L5 filter and the increased pro-
41
111-21
UNF.
UNF. 4*
L5 I
UNF. 3
L5*-2
UNF. 2
L5 3
UNF. 1
L5 :~-4
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EFFECT OF ADDING PARTIALLY
TABLE 9
INACTIVATED
FILTRATE.
UNFILTERED VIRUS TO AN L5
No. of
Virus Inoculum eggs Incubation Aver. CCA titert
III-21 0.05 ml. 40 hours One-plus reaction
H.* UNF. undil. 10 380C. 309
H. UNF. 4
L5 - undil. 8 380C. 384
H. UNF. I L.UNF. I undil. 10 380C. 448
H. UNF. I undil. 10 380C. 528
L5 undil. 8 380C. 1152
* H=the preparation heated for 10 minutes at 600C.
t All of the infected allantoic fluids were tested in duplicate
titer expressed is the average of the number of fluids tested.
and the average
duction of influenza virus when embryonated eggs are inoculated
with the filtered preparation, there is a possibility that the filter
may in some way increase the potential infectivity of the virus.
For example, in passage through a filter the virus may remove
metallic ions present in the filter due to the previous passage
of various solutions. To check this possibility normal chorio-
allantoic fluid (NCAF) was passed through S Chamberland L5
filters and the filtrates were pooled. The unfiltered virus-infected
fluid was then diluted in this normal fluid which had been passed
through the L5 filters. At the same time unfiltered virus-infected
fluid was diluted in normal fluid which was not passed through any
filter. The two different preparations were then inoculated into a
series of embryonated eggs and the amount of virus produced was
determined on the basis of the hemagglutination reaction. Table
10 shows that there was no marked difference in the quantity of
virus produced by the two preparations as judged by hemagglutinin
content.
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TABLE 10
INFECTIVITY OF VIRUS PREPARATIONS DILUTED IN UNFILTERED NCAF* AND
IN CHAMBERLAND L5 FILTERED NCAF
Individual CCA titers of infectedfluids
inoculum
Virusplus Virus plus
Virus Inoculum Temp. unfiltered NCAF L5 NCAF
IV-22 ml. 40 hrs.
I0-3 0.05 380C. 320 640
480 640
640 320
320 320
480 320
320 480
640 640
480 640
320 480
480 320
* NCAF=Normal chorio-allantoic fluid. L5 NCAF=Normal chorio-allantoic
fluid passed through a Chamberland L5 filter.
To summarize the data offered in the above tables, we find that
passage through an L5 filter removes hemagglutinin as well as the
infective particles of influenza virus. From the results recorded in
table 4 and Fig. 1 it is evident that the rate of increase of the
filtered and unfiltered preparations inoculated into the chorio-allan-
toic sac presents certain differences; the unfiltered preparation
reaches its maximum rate at approximately 24 hours after inocula-
tion, whereas the filtered preparation reaches its highest titer
approximately 42 hours after inoculation. Th-e phenomenon can
be demonstrated with both recently isolated and old egg-adapted
strains of influenza virus. The same high titers obtained with the
L5 filtrates can be obtained in some instances when the appropriately
diluted unfiltered preparation is used as inoculum. One other
characteristic difference between the filtered and unfiltered prepara-
tions is that when eggs are inoculated in the chorio-allantoic sac
with the unfiltered preparation, hemagglutination, using amniotic
fluid as a source of virus, can be demonstrated in every sample
tested. A positive hemagglutinin test has never been noted with
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amniotic fluids from embryos inoculated with L5 filtrates under
similar conditions. These facts suggest that passage of an influenza-
infected allantoic fluid through an L5 filter results in a dissociation
of the virus particles.
The experiments reported by Burnet and Bull4 and by Burnet
and Stone5 are interesting in this connection. By inoculating recently
isolated strains of influenza virus in high dilutions it has been
possible in a limited number of cases to obtain evidence of a disso-
ciation, or mutation as these authors refer to the phenomenon, of
virus particles. They term these two variants of the human strain
of influenza virus the "O" and "D" phases. The "O" phase can
be passed serially in embryonated eggs and still retain its high
degree of pathogenicity for man. The "D" phase rapidly loses its
human pathogenicity when passed in like manner, provided the
inoculations are carried out in high concentrations. In addition,
there are differences in hemagglutination with the phases: the
"O" phase reacts well with guinea-pig erythrocytes and the "D"
phase poorly; the "D" phase virus has a high hemagglutinin titer
when measured with fowl RBC and the "O" phase exhibits a low
titer.
The experiments herein recorded pertaining to the possible pres-
ence of an inhibitor in the unfiltered virus preparations, although
not conclusive, do not rule out this possibility.
Hemagglutination induced by vaccia virus
Measurements of vaccinia hemagglutination were conducted under the
following conditions: the dilutions were made in saline, the temperature
was 25°C., the tests were read after 1 hour and 15 minutes, and a 2 per
cent suspension of RBC was employed. The total volume was 1 ml.,
made up of equal volumes of erythrocytes and virus dilution. The degree
of agglutination was determined by means of the character and distribution
of the agglutinated particles at the bottom and sides of the test-tube near
the 'bottom, according to the method of Nagler.21 The various degrees of
agglutination were recorded as being 4, 3, 2, or 1 plus, and 4 in the ques-
tionable cases.
One of the characteristic differences between the hemagglutina-
tion induced by influenza virus and that ascribed to vaccinia virus,
as was indicated originally by Nagler2" (confirmed by Burnet et al.3
and by Clark and Nagler6), is that only certain samples of chicken
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erythrocytes will be agglutinated by vaccinia virus whereas influenza
virus reacts with all samples. Clark and Nagler' state that
embryonic erythrocytes are not agglutinated by vaccinia virus. They
have further reported that the percentage of chicken samples which
will be agglutinated by vaccinia virus increases with the age of the
chickens, reaching an approximate maximum of 50 per cent in adult
birds. According to their experiments the capacity of the erythro-
cytes to be agglutinated appears to be unrelated to the sex or breed
of the bird.
Through the courtesy of Dr. L. F. Rettger, Director of the Con-
necticut State Pullorum Laboratory, it has been possible to secure
several hundred samples of chicken erythrocytes which were sub-
sequently tested for their agglutinability by vaccinia virus. The
vaccinia virus was used in only one concentration, 1:10, and was
prepared according to the method of Nagler.2" The results of this
study are indicated in table 11, the hemagglutination being recorded
as positive, questionable, and negative.
TABLE 11
EFFECT OF VACCINIA HEMAGGLUTININ ON SEVERAL HUNDRED CHICKEN RBC
SAMPLES
Hemagglutination Chicken A
age No. No. No. No.
(months) Breed tested positive questionable negative
6* SL 40 24 9 7
6* NH 40 31 4 5
6* BR 40 29 5 6
6* WR 47 40 5 2
6* RI 108 86 19 3
2 BR 21 16 0 5
4 BR 6 4 0 2
6t BR 8 6 0 2
310 236 42 32
76%o 14S% 100%
*Approximately 6 months
SL-Sex linked (Breed unknown)
NH-New Hampshires
BR-Barred Rocks
WR-White Rocks
RI-Rhode Island Reds
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The facts as recorded in table 11 support the results previously
reported by Clark and Nagler.6 It may be noted, however, that
the percentage of samples of adult chicken cells which were agglu-
tinated by vaccinia virus was higher than that recorded by Clark
and Nagler, but quite possibly this difference in the number of
positive reactors is to be accounted for on the basis of random sam-
pling. The conclusions of Clark and Nagler are on the basis of 78
tests, while the tests here reported involved 310 samples. The
strain of virus used might also account for the differences observed.
In several agglutination tests with vaccinia virus, numerous
samples of embryonic chicken erythrocytes obtained from Rhode
Island embryos were employed. A survey of approximately 50
samples from embryos 7 to 12 days old, tested with a 1:10 vaccinia
virus dilution, revealed the fact that doubtfully positive hemagglu-
tination occurred in half of the tests. It seemed possible that the
use of higher concentrations of virus might render these results less
open to question. For this purpose similar RBC preparations were
prepared from Rhode Island embryos. The technic for obtaining
the embryonic RBC was to rupture the larger embryonic blood
vessels and to aspirate the erythrocytes, together with the amniotic
and allantoic fluids, into a S ml. syringe.which contained 1 ml. of a
4 per cent solution of sodium citrate in saline. The cells were then
washed three times in 10 times their volume of saline and a 2 per
cent suspension was made in saline. On 16 of 50 occasions, with
especially potent preparations of vaccinia virus, it has -been possible
to effect agglutination of the embryonic chicken erythrocytes.
That this agglutination was a valid observation was determined by
several procedures: (1) by direct comparison with adult chicken
RBC known to react strongly positive; (2) by determining the end-
point of the virus preparation with adult cells of known suscepti-
bility; (3) by comparing the end-points of the virus preparation
causing agglutination of embryonic cells and of other virus prepara-
tions not causing embryonic cell agglutination; and (4) by specific
serum inhibition of the embryonic cell agglutination with anti-vac-
cinia rabbit serum.
Those vaccinia virus preparations inducing hemagglutination of
embryonic erythrocytes when tested with the susceptible cells of an
adult chicken always showed much higher titers than did those vac-
cinia preparations which failed to produce agglutination with embry-
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onic chicken RBC. As a means of further controlling the com-
parison several other adult samples of chicken RBC were also treated
similarly and in every case the end-point was higher than with
the vaccinia preparations failing to cause embryonic RBC agglu-
tination. The titers with the more potent preparations causing
the RBC of chicken embryos to agglutinate were usually 4 dilu-
tions higher than were the vaccinia preparations which failed to
do so.
The observed agglutination of embryonic chicken RBC can be
specifically inhibited by anti-vaccinia rabbit serum in the same way
as agglutination of adult cells can be inhibited by the same serum.
Since the anti-vaccinia serum did not interfere with the agglutina-
tion by influenza virus, which was the only other virus being used
in the laboratory at that time, and since normal rabbit serum failed
to inhibit the agglutination, it was concluded that the agglutina-
tion of the embryonic cells was the direct result of the action of
vaccinia virus.
On the -basis of the results reported above, together with the
observation that many samples of adult chicken RBC previously
recorded as agglutinable were subsequently agglutinated with these
potent preparations, it is inferred that no sample of chicken eryth-
rocytes is completely refractory to agglutination by vaccinia virus.
It is obvious, however, that different samples of chicken RBC vary
widely in their susceptibility or resistance to hemagglutination
induced by vaccinia virus. It is to be noted also that the agglu-
tination of the embryonic RBC was observed only in the case of
Rhode Island Red embryos. However, this fact should not inter-
fere with the acceptance of the above postulate as a working
hypothesis.
Serum inhibition of influenza virus-induced hemagglutination
Apparently no attention has been given in previous reports to
the possibility that an anti-virus serum might coat the RBC in the
absence of virus and thus block the receptors on the erythrocyte
surface. In order to test the validity of such an idea the following
experiments were carried out. In each experiment three tests were
included in the groups listed below. Each test consisted of 10
tubes, and when serum was included each tube contained one of the
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10 concentrations of serial two-fold serum dilutions commencing
at 1:8.
2% Cells Saline
ml. ml.
Group A ................. 0.5 1.0
Group B ................. 0.5 0.5
Group C ................. 0.5 0.5
Group D ................. 0.5 -
Group E ................. 0.5
Group F ................. 0.5
Group G ................. 0.5
* Dilutions of normal chicken serum.
NCAF
1:100
ml.
0.5
0.5
0.5
Virus
1:100
ml.
0.5
0.5
Serum
dilution
ml.
0.5
.0.5
0.5
0.5*
0.5*
TABLE 12
ANTISERUM NOT REMOVED BY LOW SPEED CENTRIFUGATION
Subseqiuent addition Seu
to packed cells Seu
Test Homagglu- inhibition Hemagglu-
Group No. tination Saline Virus liter tination
tnl mi. ml.
- 0.5 0.5
- 0.5 0.5
- 0.5 0.5
_ 0.5 0.5
- 0.5 0.5
- 0.5 0.5
- 0.5 0.5
- 0.5 0.5
- 0.5 0.5
- 0.5 0.5
- 0.5 0.5
- 0.5 0.5
(control)
+
+
1024
1024
1024
1024
1024
1024
1024
1024
1024
- 0.5 0.5
- 0.5 0.5
- 0.5 0.5
+ 1.0 -
+ 1.0 -
+, 1.0 -
+
+
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A 2
3
B 2
3
C 2
3
D 2
3
I
E 2
3
1
F 2
3
G 2
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After 1 hour and 15 minutes the presence or absence of hemag-
glutination was noted, and all tubes were then centrifuged at lot
speed and the supernatants were removed. The packed cells were
then subjected to the addition of saline or virus (as indicated in
the tables) and redispersed in solution. Table 12 represents the
results obtained in a typical experiment as outlined above.
On the basis of the results recorded in tables 12 and 13 two
points of importance may be made. When anti-influenza serum
and RBC are placed in a test-tube, centrifuged, and the supernatant
TABLE 13
ANTISERUM IS REMOVED BY WASHING
Subsequent addition Srum
Test Hemagglu- Treat- i rnhi- Hemdgglu-
Group No. tination ment Saline Virus bitiontiter tination
_ C*
_WC*
_ wc
- WC
C - c _ wC
_ WC
_ WC
_ wC
_ weC _WC
_WC
ml. ml.
0.5 0.5
0.5 0.5
0.5 0.5
0.5 0.5
0.5 0.5 1024
0.5 0.5 1024
0.5 0.5 0
0.5 0.5 0
0.5 0.5 1024
0.5 0.5 1024
0.5 0.5 0
0.5 0.5 0
(control)
_ C
_ WC
+ c
2 + WC
0.5 0.5
0.5 0.5
1.0
1.0
1024
1024
1024
1024
+
+
* C=Centrifuged; WC=Washed with 2 ml. of 0.85 SaO
A 2
B 2 2
C
3
4
1
D 2
3
4
I
E 2
3
4
1
F 2
+
+
+
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removed, the mixture, when redispersed in an equivalent volume
of saline, will inhibit the hemagglutination induced by influenza
virus. The serum inhibition titers will be substantially the same
as when the inhibition test is carried out in the conventional man-
ner. Since the results obtained could -be demonstrated when RBC
were taken from the same chicken in which the serum was prepared,
any reaction between chicken agglutinogen and agglutinin is
precluded. Furthermore, since essentially the same results were
obtained in 10 replicate experiments, it is suggested that influenza
virus-induced hemagglutination may be blocked not only by a union
of virus and antiserum but also by a coating of the RBC receptors
by the antivirus serum.
The other point is that this coating of the erythrocyte surface
by the antivirus serum may be easily removed by washing the RBC-
serum mixture with saline, centrifuging, and removing the super-
natant. Then, when the centrifuge is dispersed in saline and
influenza virus is added hemagglutination will result, and there
will be no evidence of any blocking of the reaction.
Experiments with refractory erythrocytes
Hirst"3 has reported that when chicken erythrocytes and
influenza virus are permitted to react at 37°C., the maximum amount
of virus (87 per cent) will be adsorbed by the RBC within from
3 to 5 minutes. With respect to elution, Hirst observed13 that the
virus adsorbed by the RBC was almost completely eluted in 6
hours at 37°C. The RBC, to which influenza virus was adsorbed
and from which the virus was subsequently eluted, were found to
be resistant to agglutination by the homologous strain of influenza
virus and also by heterologous strains. The virus eluted from
the RBC differs in no recognizable way from virus which has not
been adsorbed and eluted. Untreated RBC will be agglutinated
by the eluted virus. It is evident, therefore, that the adsorption
and elution procedure alters the RBC.
At the time this investigation was commenced there were no
published reports of experiments involving influenza-refractory
RBC subjected to the action of a virus distinct from* the influenza
virus. Burnet and his colleagues3 have recently stated that
influenza-refractory RBC may or may not interfere with the subse-
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quent addition of a virus which will induce hemagglutination.
Refractory RBC were observed to alter the subsequent action of
TABLE 14
VACCINIA VIRUS-INDUCED HEMAGGLUTINATION WITH INFLUENZA-REFRACTORY CELLS
Refractory cells Untreated cells
Vaccinia Cell CCA titer* Cell CCA titer*
virus No. (vaccinia) No. (vaccinia)
11-1 5-1
II-15-2
11-15-3
11-22-1
11-22-2
1
2
3
4
5
6
2
3
4
5
1
2
3
4
5
6
1
2
3
4
5
6
2
3
4
5
160t
640
80
2560
320
160
640
2000
480
5120
960
40
120
10
*640
90
45
10
40
-@1:10
150
25
10
120
560
100
2640
240
1
2
3
4
5
6
2
3
4
5
2
3
4
5
6
2
3
4
5
6
2
3
4
5
160
640
90
2480
320
150
600
1920
520
5120
880
40
130
10
640
100
40
10
45
-@1:10
160
20
10
130
590
100
2560
220
* The dilution of vaccinia virus giving a one-plus reaction.
t Each titer was determined by carrying out the hemagglutination test in
quadruplicate.
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Newcastle disease virus in this respect, but not the agglutination
induced by vaccinia virus.
In the experiments herein reported the effect of vaccinia virus
on influenza-refractory RBC was studied. The results confirm the
report of Burnet and colleagues.' The influenza-refractory RBC
were prepared as has been indicated and in each of approximately
40 experiments carried out, essentially the same results were
recorded. Table 14 represents the results of 5 separate experi-
ments determining the CCA titers of vaccnia virus carried out
on influenza-refractory cells and untreated RBC obtained from the
same chicken. It is obvious that previous treatment of RBC with
influenza virus does not alter the hemagglutination of these cells
by vaccinia virus as contrasted with untreated cells. The CCA
titers in each case are the average of 4 replicate tests.
Immune lyssns
The results recorded in table 15 show the effect of permitting
various dilutions of allantoic fluids to react for 1 hour with RBC
TABLE 15
EFFECT OF TREATING RBC WITH ALLANTOIC FLUIDS AT DIFFERENT TEMPERATURES
previos . Colorimeter readings using a 1:500 amboceptor dilution*
Test number treatment __A__
Group RBC Temp. 1 2 3 4 5 6
A-I Undil. virus 250C. 88 91 90 95 84 90
A-2 1:10 virus 25°C. 106 102 106 107 106 105
A-3 1:100 virus 250C. 110 108 107 107 110 108
B-1 Undil. NCAF 250C. 108 108 105 103 99 103
B-2 1:10 NCAF 250C. 99 100 100 99 102 106
B-3 1:100 NCAF 25°C. 103 99 107 99 100 106
C-I Undil. virus 350C. 84 88 82 89 82 88
C-2 1:10 virus 350C. 115 108 110 112 111 109
C-3 1:100 virus 350C. 126 129 127 128 121 126
D-i Undil. NCAF 35°C. 106 106 .103 102 108 105
D-2 1:10 NCAF 350C. 104 105 108 109 107 110
D-3 1:100 NCAF 350C. 112 114 115 110 108 110
* 1.0 ml. of amboceptor and 0.5 ml. of 1:30 complement were added to each
tube. A colorimeter reading of approximately 130 represents complete lysis.
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at temperatures of 25C. and 350C. prior to adding the anti-RBC
rabbit serum and guinea-pig complement. This experiment was
repeated 6 times and essentially the same results were oibtained as
those recorded in the table.
The results obtained were subjected to statistical analysis to
determine whether or not treatment of RBC with virus-infected
allantoic fluid or with NCAF would separate the RBC into two
separate populations with contrasting means. For this purpose,
the "t" test of significance was used.25 The detailed statistical
analysis is recorded in table 16. When a "P" (probability) of less
than .01 was arbitrarily selected as indicating significance, it will be
observed from the table that the difflerences between the groups
compared are in most cases significant. From the data offered in
tables 15 and 16, certain points of difference should be noted with
respect to the virus-treated cells and the NCAF-treated cells.
In the experiments with the virus-treated cells at both 250C. and
350C. it is evident that the cells with the greatest amount of
adsorbed virus are the most resistant to hemolysis. The action of
amboceptor and complement in lysing RBC to which virus is
adsorbed is more effective in most cases at 35°C. than at 2500.
(see A-2 and C-2, and A-3 and C-3 in table 16). However, it is
interesting to note that when cells treated with undiluted virus at
the two temperatures are compared, the differences in resistance to
hemolysis are not significant (see A-1 and C-1 in table 16).
When NCAF-treated cells at the two temperatures are con-
trasted, the cells suspended in the greatest amount of NCAF are not
necessarily the most resistant to hemolysis. The most important
difference to be noted is that the degree of hemolysis is not appre-
ciably affected by the concentration of NCAF used. The effec-
tiveness of the immune hemolytic system is greater at 3500. than at
25°C. in the case of cells treated with the 1:10 or with the 1:100
concentration of NCAF (see B-2 and D-2, and B-3 and D-3 in
table 16). With undiluted NCAF, however, the differences in
resistance of the cells at the two temperatures are not significant
(see B-1 and D-1 in table 16).
When the virus-treated cells are contrasted with the NCAF-
treated cells the following facts appear:
1. Cells treated with undiluted virus at 250C. are more resist-
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TABLE 16
STATISTICAL ANALYSIS OF TABLE 15 USING THE "T" TEST OF SIGNIFICANCE
Temp.
Group Fluid 'C. N s(x) X s2(X)/N (x2) n S2
A-I Undil. virus 25 6 538 89.67 48240.67 65.33 5 13.07
A-2 1:10 virus 25 6 632 105.33 66570.67 15.33 5 3.07
A-3 1:100 virus 25 6 650 108.33 70416.67 9.33 5 1.87
B-i Undil. NCAF 25 6 626 104.33 65312.67 59.33 5 11.87
B-2 1:10 NCAF 25 6 606 101.00 61206.00 36.00 5 7.20
B-3 1:100 NCAF 25 6 614 102.33 62832.67 63.33 5 12.67
C-I Undil. virus 35 6 513 85.50 43861.50 51.50 5 10.30
C-2 1:10 virus 35 6 665 110.83 73704.17 30.83 5 6.17
C-3 1:100 virus 35 6 757 126.17 95508.17 38.83 5 7.77
D-1 Undil. NCAF 35 6 630 105.00 66150.00 24.00 5 4.80
D-2 1:10 NCAF 35 6 643 107.17 68908.17 26.83 5 5.37
D-3 1:100 NCAF 35 6 669 111.50 74593.50 35.50 5 7.10
Comnparisons of Groups Above
Groups Compared "a" Value* "n'> Valuet "P" Vadue§
A-1 & B-1 7.19 10 <.001
A-2 & B-2 3.31 10 <.01 >.001
A-3 & B-3 3.86 10 <.01 >.001(*)
C-1 & D-1 12.29 10 <.001
C-2 & D-2 2.64 10 <.05 >.02
C-3 & D-3 9.32 10 <.001
A-I & C-1 2.11 10 <.1 >.05
A-2 & C-2 4.43 10 <.01 >.001
A-3 & C-3 14.08 10 <.001
B-I & D-1 0.40 10 >.6
B-2 & D-2 4.26 10 <.01 >.00I
B-3 & D-3 4.50 10 <.01 >.001
*The formula used for obtaining the "t" was as indicated in the following:
t= y 2 where Sd= |/sA (i/N+l1/N2) and where
Sd
(2 = 2)+(X22
N,+N -2
t The value of "n" is N1 +N2 -2, and represents the degrees of freedom.
§ "P"=The probability that the differences are due to chance.
(*) Since s22/s12=6.776, P=<.05 and this "t" value is less reliable.HEMAGGLUTINATION INDUCED BY VIRUSES
ant to the immune hemolyic system than are cells treated with
undiluted NCAF.
2. Cells treated with undiluted virus at 35°C. are more resist-
ant to the immune hemolytic system than are cells treated with
undiluted NCAF.
3. Cells treated with 1:10 virus at 25°C. are more susceptible
to the immune hemolytic system than are cells treated with 1:10
NCAF.
4. Cells treated with 1:10 virus at 35°C. are not significantly
different in their resistance or susceptibility to the immune hemo-
lytic system when compared with cells treated with 1:10 NCAF.
5. Cells treated with 1:100 virus at 25°C. are probably not
significantly different in their resistance or susceptibility to the
immune hemolytic system when contrasted with cells treated with
1:100 NCAF.
6. Cells treated with 1:100 virus at 35°C. are more suscep-
tible to the immune hemolytic system than are cells treated with
1:100 NCAF.
It is suggested that the greater resistance of virus-treated cells
when undiluted virus is used, as compared with undiluted NCAF,
may be due to the agglutinated state of the RBC at the time they
are subjected to theamboceptor and the complement. In the experi-
ments recorded in tables 15 and 16 the dilution of amboceptor
employed was approximately that at which the maximum degree of
hemolysis occurred. Here it is suggested that the prozone effect,
or the greater resistance of the cells treated with the highest con-
centration of virus, is due to the agglutination of the RBC by the
virus. Agglutination of the RBC by the virus, in effect, reduces the
number ofcells which the amboceptor can sensitize. Since the num-
ber ofsensitizedcells is reduced, the lysis of the RBC will be altered.
An explanation of the significant differences, or the lack of
significant differetices, encountered with the cells treated with the
1:10 and 1:100 concentrations of virus and NCAF was not disclosed.
It may be that these concentrations of the allantoic fluids affect the
permeability or change the metabolism of the cells, and this in turn
alters the susceptibility or resistance of the cells to the immune
hemolytic system.
In other experiments carried out to determine the effect of
immune lysins on cells with and without a coating of virus the
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results were in the majority of cases not significant, and in the few
cases where differences we-re found they could not be duplicated
consistently. No differences were encountered when influenza-
refractory RBC, as contrasted with control cells, were subjected to
the action of the immune hemolytic system. Lysis of RBC to
which virus and anti-RBC serum were adsorbed at 4°C. also pre-
sented no significant differences. When RBC to which influenza
virus was adsorbed and subsequently removed by anti-influenza
virus serum were subjected to the immune hemolytic system, incon-
sistent and irregular results were obtained.
Brief mention may be made of the many experiments carried
out with virus-coated and uncoated cells subjected to the action of
various physical and chemical lytic agents in varying concentrations
and for varying time intervals. The physical lytic agents used
were heat, sunlight, and ultraviolet light. The chemical lytic agents
investigated were various acids, alkalis, hypotonic and hypertonic
salts, alcohols, bile salts, and dyestuffs. In all cases the results
showed no great differences between virus-coated and uncoated RBC.
Discussion
The most fundamental characteristic of viruses and the property
which serves best to distinguish them from bacteria is the fact that
in order to increase in number they must parasitize susceptible
living cells. Little is known concerning the process by which
viruses invade tissue cells or how the virus multiplies, or indeed
what part the host cells play in virus multiplication. In an attempt
to further our understanding of the mechanism whereby viruses
invade tissue cells the present study was undertaken. In this con-
nection the Hirst hemagglutination reaction provides a valuable in
vitro method for attacking this problem.
Hirst"3 has shown that fowl RBC adsorb influenza virus, that
the adsorbed virus can be removed from the RBC either by means
of anti-influenza virus serum or by the elution method in which
the virus is spontaneously released from the RBC, and that when
the cells have spontaneously released the virus they are no longer
capable of adsorbing influenza virus. This adsorption, elution, and
serum-reversal of influenza virus-induced hemagglutination was
demonstrated with both active and inactive virus. Further experi-
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ments by Hirst"4 with the cells of the excised and perfused ferret
lung have shown that these cells adsorb large amounts of intra-
tracheally inoculated influenza virus. The pulmonary cells of the
ferret behave as do the fowl cells, with the exception that inactive
virus, though adsorbed by the pulmonary cells, is not released.
The results obtained in this study will be discussed from the
point ofview ofthe hypotheses developed by Hirst"4 and by Burnet.2
The increased production of influenza virus which was obtained
when the influenza virus-infected allantoic fluid was passed through
a Chamberland L5 filter prior to inoculating the developing chick
embryo, as contrasted with the unfiltered and diluted preparations
of influenza virus-infected allantoic fluid inoculated in like manner,
may give a clue as to the mechanism of infection by viruses. It
is suggested that the process of filtration may have two effects on
the virus: (1) dilution, and (2) removal of a considerable fraction
of the inhibitory substance. When the L5 filtrate of an influenza
virus preparation is inoculated into embryonated eggs, we may
visualize the steps in the process by which the increased production
of influenza virus is obtained as follows. The virus, when it makes
contact with the lining cells of the chario-allantoic membrane,
becomes firmly bound. The virus invades the cell, parasitizes the
cell, multiplies, and active virus particles are released, though not
at once, and may then become bound, invade, and parasitize other
cells. With an unfiltered preparation, which undoubtedly contains
a great many inactive virus particles, this would be the case. Both
active and inactive virus particles are bound to the cells, invade the
cells, 'but only those cells invaded by the active particles will be able
to release active virus in increased amount. Consequently, many
cells will not be capable of adsorbing active virus, since they have
already adsorbed inactive virus. In this sense the inactive virus
particles interfere with the active particles. Adsorption of influenza
virus onto the cells and elution of the virus give rise to refractory
cells. The cells lining the chorio-allantois are, it is suggested,
capable of adsorbing inactive virus. Whether or not the inactive
virus is subsequently eluted or released from the cells makes little
difference, for the cells cannot adsorb active virus by virtue of their
refractory state.
As previously pointed out, one of the chief differences between
embryos inoculated with L5 filtrates of influaenza virus and embryos
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inoculated with unfiltered preparations is that the amniotic fluids
of the embryos inoculated with the unfiltered virus are regularly
infected with influenza virus, as determined by the Hirst hemagglu-
tination test, whereas in no case were the amniotic fluids of embryos
inoculated with L5 filtrates infected. It will be recalled that it
was suggested that this difference might be accounted for on the
basis of adissociation of the virus particles. An alternative explana-
tion, however, might be that all of the available susceptible cells
are already infected with active influenza virus or are refractory,
dueto the adsorption of inactive virus particles in the case of embryos
inoculated with the unfiltered virus. Since all of the available
susceptible cells lining the allantoic membrane are used up, the
active virus particles present in the allantoic fluid become adsor;bed
to and invade the cells lining the amniotic membrane. In the
case of the embryos inoculated with L5 filtrates of influenza virus-
infected allantoic fluid there is an abundance of susceptible cells,
due to the fact that few, if any, of the susceptible cells have adsorbed
inactive virus particles.
The method described in this study for the increased production
of influenza virus in the developing chick embryo could easily be
adapted to large scale production of influenza virus by commercial
laboratories, and would certainly reduce the cost of the commercial
vaccines. As indicated in the experiments on the properties of
Chamberland L5 filtered virus, the increased production of influenza
virus in embryonated eggs could be obtained in every egg inoculated.
Though the increased titers may be obtained with the appropriately
diluted preparation of the unfiltered virus, only a proportion of the
infected eggs show the increased production of influenza virus.
In the experiments pertaining to the inhibition of virus-induced
hemagglutination by means of anti-influenza virus chicken sera, the
suggestion will be recalled that the anti-virus sera may block the
h-emagglutination induced by influenza virus by one or the other,
or both, of two methods: (1) the serum may combine with virus
thus preventing any possible contact of the virus with the RBC;
(2) the serum may coat the RBC receptors and thus prevent any
adsorption of the virus on the erythrocyte surface. It is quite pos-
sible that this coating of the erythrocytes by anti-virus sera may be
an important factor in aiding the host to resist virus infections. It
is well known that host resistance in several virus diseases, includ-
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ing influenza, cannot be correlated with demonstrable neutralizing
antibodies in the serum, thus it may be that resistance is partially
determined by the presence or absence of antibody-coated cells.
It is further suggested that future investigations designed to explain
the action of antibody-coated cells in resisting invasion by viruses
might contribute to our understanding of the mechanism of
immunity to virus diseases.
The experiments with erythrocytes refractory to influenza virus
with the cells then subjected to the action of vaccinia virus
strongly suggest that RBC have different receptors for the two
viruses. Elution of influenza virus from the RBC evidently alters
or destroys the influenza virus receptors, but it does not affect the
vaccinia virus receptors. At the present time it is impossible to
compare the different receptors because none has been isolated.
However, we may presume that tissue cells have different receptors
for different viruses and that the state of the receptors may deter-
mine whether or not actual invasion and parasitism of the cells by
the virus will talke place.
Interesting in this connection is the report by Lajmanovich and
Mittelman'5 to the effect that certain histones and protamines will
agglutinate chicken RBC. These authors discuss the relation of
this "chemical" agglutination to virus-induced hemagglutination.
Though not reported in the experimental results in this paper, the
author has attempted to agglutinate RBC with commercial prepara-
tions of protamines, but in no instance was it possible to obtain a
positive agglutination. The reported agglutination of RBC by
histones and protamines may provide the necessary clue to the isola-
tion of the RBC receptor, as suggested by Hirst."4 It is also pos-
sible that a histone or protamine-like substance may be the comple-
mentary grouping of the virus particle, as suggested by Burnet and
colleagues.3
A study of several hundred samples of chicken RBC tested with
vaccinia virus revealed that the majority of the samples were sus-
ceptible to agglutination. It will be recalled that the RBC in this
series were subjected to only a 1:10 dilution of vaccinia virus. A
limited number of samples, approximately 30 per cent, of embryonic
RBC were shown to be agglutinated with higher concentrations of
vaccinia virus (undiluted). These findings suggest that during
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the process of maturation in the chicken the erythrocytes develop
the necessary receptor for vaccinia virus in increasing quantity.
One final point which merits brief discussion is the possible r8le
of the RBC in the development of virus infections. The RBC of
numerous species, including man, have been shown to be capable of
adsorbing several viruses, including those of influenza, mumps,
variola, and vaccinia. The RBC of the host might play a signifi-
cant role by adsorbing the virus particles and transporting them
to the susceptible tissue cells. When a RBC containing the
adsorbed virus particles reaches the required location, it might
release the virus in a concentration effective to initiate local invasion
and parasitism of the tissue cells. That this process is not of neces-
sity restricted to those viruses which induce agglutination of RBC
is evident from the report of Shwartzman,24 who observed that
the virus of lymphocytic choriomeningitis may be found in asso-
ciation with the erytihrocytes of mice and guinea-pigs during the
experimental disease, that the virus is concentrated in the RBC,
and that the union of the virus with the cell is firm.
Conclusions
1. Increased production of influenza virus has been observed
in the developing chick embryo when a Chamberland LI filtrate
of an influenza virus-infected allantoic fluid is used as the inoculum.
2. On the basis of several hundred tests with chicken RBC
subjected to vaccinia virus, the hypothesis is developed that no
sample of chicken RBC, adult or embryonic, is completely resistant
to vaccinia virus-induced hemagglutination.
3. Cells rendered refractory to influenza virus have been
shown to be susceptible to vaccinia virus-induced hemagglutination.
4. The results obtained in the experiments pertaining to serum
inhibition of virus-induced hemagglutination suggest that the
reaction may be blocked when the serum combines with the virus
or when the serum coats the receptors of the cell for the virus.
5. Virus-coated cells subjected to the action of the immune
hemolytic system present certain differences which appear to be
dependent on the concentration of allantoic fluid when contrasted
with uncoated cells.
6. The results of this investigation are discussed from the
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viewpoint of our understanding not only of the phenomenon of
hemagglutination, but also in the light of our understanding of the
invasion of tissue cells by viruses and the mechanism whereby the
host resists virus infections.
REFERENCES
1 Burnet, F. M.: Australian J. Exper. Biol. & Med. Sci., 1942, 20, 81-88.
2 Burnet, F. M.: Australian J. Exper. Biol. & Med. Sci., 1945, 23, 180-83.
3 Burnet, F. M., W. I. B. Beveridge, J. McEwirn, and W. C. Boake: Aus-
tralian J. Exper. Biol. & Med. Sci., 1945, 23, 177-92.
4 Burnet, F. M., and D. R. Bull: Australian J. Exper. Biol. & Med. Sci., 1943,
21, 55-69.
5 Burnet, F. M., and J. D. Stone: Australian J. Exper. Biol. & Med. Sci.,
1945, 23, 151-60.
6 Clark, E., and F. P. 0. Nagler: Australian J. Exper. Biol. & Med. Sci.,
1943, 21, 103-06.
7 Henle, W., and L. A. Chambers: Proc. Soc. Exper. Biol. & Med., 1941, 46,
713-17.
8 Henle, W., and G. Henle: Science, 1943, 98, 87-89.
9 Henle, W., and G. Henle: Am. J. Med. Sci., 1944, 207, 705-17.
10 Henle, W., and G. Henle: Am. J. Med. Sci., 1944, 207, 717-33.
11 Hirst, G. K.: Science, 1941, 94, 22-23.
12 Hirst, G. K.: J. Exper. Med., 1942, 75, 49-64.
13 Hirst, G. K.: J. Exper. Med., 1942, 76, 195-209.
14 Hirst, G. K.: J. Exper. Med., 1943, 78, 99-110.
15 Lajmanovich, S., and N. Mittelman: Rev. d. Inst. Bact. Buenos Aires, 1944,
12, 320-31.
16 Levens, J. H., and J. F. Enders: Science, 1945, 102, 117-20.
17 Lush, D.: J. Comp. Path. & Therap., 1943, 53, 157-60.
18 McClelland, L., and R. Hare: Canad. Pub. Health J., 1941, 32, 530-38.
19 Miller, G. L.: J. Exper. Med., 1944, 79, 173-83.
20 Mills, K. C., and A. R. Dochez: Proc. Soc. Exper. Biol. & Med., 1944,
57, 140-43.
21 Nagler, F. P. O.: Med. J. Australia, 1942, 1, 281-83.
22 North, E. A.: Australian J. Exper. Biol. & Med. Sci., 1944, 22, 105-09.
23 Shrigley, E. W.: Yale J. Biol. & Med., 1945, 18, 81-102.
24 Shwartzman, G.: J. Immunol., 1944, 48, 111-27.
25 Snedecor, G. W.: Statistical Methods. Iowa State College, Ames (Iowa),
1946, p. 77.
26 Van Rooyen, C. E., and A. J. Rhodes: Virus Diseases of Man. Oxford
University, London, 1940, p. 114.
27 Ziegler, J. E., Jr., and F. L. Horsfall, Jr.: J. Exper. Med., 1944, 79,
361-77.
28 Ziegler, J. E., Jr., G. I. Lavin, and F. L. Horsfall, Jr.: J. Exper. Med.,
1944, 79, 379-400.